Figure 1. Experimental configuration for digitizing a transparent object using UV-induced fluorescence. Only the support of the object moves. The UV laser induces a spot on the surface of the object to fluoresce in the visible, and the camera images the fluorescence. As the support moves, the fluorescence data is used to build a map of the surface. A similar system can generate a UV line, by placing a hemi-cylindrical lens between the laser and the object.
recently updated. 3 Most of the methods require some prior knowledge about the object or assumptions about the interactions of the light with the object surface. These are not yet ready for industrial implementation.
Among these methods, we believe that the approach with the highest potential for industrial adoption lies in obtaining the object's shape using UV light. 4 The novelty of this approach lies in exploiting the fluorescence generated at the object surface when it is irradiated with a UV laser (using a specific triangulation approach associated with a fluorescence point-tracking method). We tested two experimental configurations. The first relies on point projection (see Figure 1) . The second is an extension of the former in which the point is converted to a line by a hemicylindrical lens. Our initial setup was composed of a laser and camera, each in a fixed position, and a translation stage. The UV laser produced an elliptical beam about 2mm in diameter. The color CCD camera had a maximum spectral sensitivity between 400 and 700nm, a resolution of 480 640, a focal length of 8mm, and a lens f-number of 1.4. Under UV irradiation, the transparent surface of the object fluoresces, emitting a diffuse visible light. The bright spot (about 4 2mm on a flat surface) is then imaged by the camera and used to estimate the object's depth by triangulation from the structured light source. 5 The object to be digitized is placed on a translation table that offers accurate horizontal and vertical displacements, with an error of 2% or less for a 1 m motion. Thus, the 2D coordinates X and Y are defined by translation of the table, while the depth coordinate Z can estimated by the triangulation scheme. See Figure 2 for results from our imaging method. In a variation on that scheme, we also added a cylindrical lens to create a UV line (effective size 120 1mm on a flat surface). The initial beam is enlarged into a stripe with a maintained Gaussian distribution intensity while the estimated surface power density of the UV laser striking an object point is reduced by a factor of 100. However, fluorescence is still induced on the transparent surface and visible to the camera. Therefore, we can apply a triangulation approach based on a structured UV source stripe 6 to ascertain the object's 3D shape. This design reduces the acquisition time as well as the processing time. We present results for a line-generated digitization in Figure . We tested more than ten different objects of various shapes, thicknesses, and materials (including both glass and plastic). 4 The mean deviation error on our method can be as low as 100 m, which is highly accurate and indicates the potential of this method. (This is better than measurements obtained by a commercial scanner of transparent objects coated with powder.) We are now developing a commercial device using these techniques with an industrial company for quality control inspection of transparent objects. Group, a private company for which she has been working since her master's graduation. Her PhD topic was 3D reconstruction of transparent objects through noncontact measurement, for which polarization, stereovision, and basic triangulation techniques were explored and extended to wavelength beyond the visible range.
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